Genetic and physiological regulation of non-homologous end-joining in mammalian cells.
Repair of DSBs is important to prevent chromosomal fragmentation, translocations and deletions. To investigate the process in NHEJ, we have established an in vitro system to clarify the measurement and analysis of the efficiency and the fidelity of rejoining of DSBs, and applied the method to investigate NHEJ in human cells derived from patients suffering from cancer-prone hereditary diseases. A DSB was introduced in plasmid pZErO-2 at a specific site within the ccdB gene that is lethal to E. coli cells, and treated with nuclear extracts from human cells. The efficiency of rejoining in the nuclear extract from an A-T cell line was comparable to that from a control cell line. However, the accuracy of rejoining was much lower for the A-T cell extract than for the control cell extract. All mutations were deletions, most of which contained short direct repeats at the breakpoint junctions. The deletion spectrum caused by the A-T nuclear extract was distinct from that by the control extract. These results indicate that A-T cells have certain deficiencies in end-joining of double-strand breaks in DNA. The extract from BS cells also showed the similar activity and the lower fidelity of rejoing compared to that from normal cells. From the sequencing analysis of the junction of DSBs, it is speculated that the defect in the BLM helicase might cause irregular rejoining of DSBs. Radioadaptive response is the acquirement of cellular resistance to ionizing radiation by prior exposure to low dose. We investigated the in vitro end-joining activity of DNA ends in radioadaptive cells. Both the efficiency and the fidelity of rejoining in the cells pre-exposed to low dose are increased comparing to those without pre-exposure. We also investigated the joining activity of DNA ends in p53-deficient cells. Pre-irradiation caused no apparent alteration in both the efficiency and fidelity of end-joining. These results suggest that the exposure to low dose activates a cellular function to repair DSBs efficiently, which is dependent on p53. These results indicate that NHEJ pathway is regulated by many factors; genetic regulation by ATM and BLM, and physiological conditions such as irradiation with ionizing radiation. The observations also suggest that in some occasions p53 might play a key role in NHEJ.